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® Drilling fluid. 

@ A drUfing fluid comprising: 

a) at least one polymeric viscosifier 

o) at least one polymeric fluid loss reducer 

^ttZZSSZ"* or5anfc 

soSds removal fof "* """""^ * 
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DRILLING FLUID 



The invention relates to a drills 
a> a+- arming fluid carorisina. 

3> at l^st one polymeric viscosif ier 

W at least one polymeric fluid loss reducer 

' at least one high molecular weioht or-,™,,- 



K «jd/or rioccuiant. 



m this application by a high molecular weioht is ^ . 
molecular weioht- ,•„(.!« . weignt is meant a 

"hen drilling subterranean .ells ^ _ for eX!mnl 
or gas walls, the rotarv *-m« t exanple, al 

™ rotary drilling method is ccmrmlv »»i™_> 
B» rotary drilling «thod utilises a bit a<ZZ^ ^ 
«m. aM . drilling auia « t. a drm 

«» arill ataa, to tha tot*. of ^a £££ "TT* 



returned to the sort.™ «, J "™ 15 «*« 

„, snrface the annular space betuaen 

«« ia tL^^r' f ™ * 
^ ^ s Ca e r :rr, r ^ ~ 



*- the bo*, or tha ^^Z^tT^T^ 
drilUng fluid should a!so prevent «L^!T ^ * 

rron no** ta ^ horehcTrl^lrT' 6 * *"* 
^=itin, cn the m of ^ boTa^^T * 
inservious filter cake InZjZ substantially 

cake. In addition, a drilling fluid should be 
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able to hold solids in suspension, preventing their return to 
the bottom of the hole when the circulation is reduced or 
temporarily interrupted. This property can be obtained by 
utilizing additives which win i^art a gel structure to the 
drilling fluid to increase viscosities. The gel structure, 
however, is preferably such that cuttings can be removed fi 
the drilling fluid by passing the fluid through filtration 
equipment such as a shale shaker and/or sand cyclop prior to 
recirculating the fluid to the drill bit. A drilling fluid must 
also exert pressure on the surrounding formations, thus preven- 
ting possible collapse of the borehole or influx of highly 
pressurized oil or gas in the formation. Finally, a drilling 
fluid should serve as a lubricating and cooling agent for the 
drill string and the bit. 

Drilling of easily dispersible formations such as shales 
marls and chalks often presents a problem in mud solids control 
Drilled solids disintegrate in the drilling fluid while being 
transported to surface and the-fines thus created are very 
difficult to rentove. A build-up of fines is the consequence and 
leads to an increased viscosity of the drilling fluid and a 
*^eased rate of penetration of the drilling operation. Ulti- 
mately mud dilution is required to recondition the mud or 
dsiUing fluid. 

Accepted methods to combat drilled solids disintegration 
are the ^cation of encapsulating polymers and/or inhibiting 
-^--^■■ch^s,^^ y , g ^ disir^^^I,, 
cuttingsand so delay the build-up of fines, m easily disper- 
sible formations however, mud dilution will be inevitable in the 
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instead of, or in addition to preventing drilled solids 
itegration, aggregation of fines could well be 
solids removal. 

elective of the pr^t Invroicn is to assess the 
tosslbiUties of floats for the i^ro^t of solids 
removal from drilling fluids. 



to 
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In particular the removal of flocculated shale fines over 
sieves is an object of the present invention. 

Application of coagulants and/or f locculants serve the 
purpose of destabilising a suspension. Discrete aggregates are 
formed, that are easier to separate from the fluid by settling 

The terms flooculation and coagulation are defined as 
follows. 

Coagulation is used for « 



repulsive potential 



exectr^cal double layer of shale par 

■ft-™. *.u j= i xuwuuauon is used 

fer the fixation of a randoa loose floe struct™, ^v, 

about by high rolecul*: «ight polyrers. xt should bo 

J^^^^^-b^a..^^ 

». use of fatri am aluntntum salts ss coagulants is knc», 
and wid^y applied. High Secular wight polyelectrolytes 

»— to bo mre efficient in ^Ucattos. 

of a oettT 1 " aOM3ulant ^ a——* improvement 
of a certain separation process depends on 1) the tyre of 

separation 2) type and 3) cencsntration of suspended solids and 
4) the nature (opposition) of the suspending fluid. EspecUU, 
™ of polyelectrolyte*, it is vary distant to base such a 
encase on general theoretical considerations. 

Solid/Uquid separation with the aid of 'coagulants and/or 
flocculants is a common process in many industries, e.g. ^ 
water treatment, water clarification, mineral ore separation, 
paper, making, oil/water sebaraH«n 



following: 



fl» characteristic demands of drilling" fluids are the 

Sari r\rr* 
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Selectivity 

Often, drilling fluids contain two types of solids? those 
added on purpose for increasing viscosity, fluid loss 
reduction and density improvement, and formation solids, 
produced while drilling. The organic polycationic polymeric 
flocculant or coagulant applied according to the invention 
enhances the removal of drilled solids, but does not 
Interact with soluble mud additive (s) . 

" ObiryWr" > hillt y ~ ■ — — 

Soluble mud additives and flocculants and/or coagulants 
should be fully compatible. The flocculating properties 
sbooM not ha affected by mud additives and theological and 
fluid less Properties not by the flocculant and/or coagulant, 
in the present formulation comprising high molecular weight 
polycationic polymers, such antagonistic interaction does 



iii Floe strength fi size 

Floes are formed either downhole, where fines are. created, 
if the flocculant is an intrinsic component of the fluid, 
or in the flowliae if the flocculant is added there at a' 
balanced rate, in both cases a certain amount of viscous 
shear is exerted on the floes. Further mechanical shear 
takes place on sieves (shale shakers) being used for 
regenerating the circulating drilling fluid. Flocculant 
application is only successful if the floes stay reasonably 

tact during the transport and separation 



Another important parameter is floe" size. If only "very 
small floes are formal, a gaily-like substance is 
developed, plugging off the sieves. The present high 

weight organic oolvcatirmie mivm»ri^ *i — ~i 



— « create reasonably strong and big floes, being 
several millimetres in diameter. 
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^drilling of disperslble formations, big cuttings 
vail be produced. A flocculant should not enhance the 
dxspersion of these cuttings and should preferably be 
-Satxble with cutting encapsulating poly^, preferably 
present on the drilling fluid, a examination of cutting 
-capsulation and fines aggregation v*uld of course 
the optimal drilling fluid for easJlv ■ 

Also em*-,™ y dLS P arsu, 5 formations. 

AXSO erosion and/or swellino of i , , 

, swBJ.iang of the borehole wall should 

not be enhanced by a flocculant or a coagulant 



aggrecXoT ^ POly ° ati0ni0 fl ^« be us* te 

a^gatim of nany types of flM eiseenSlA 
shaJes, rarls and Oialks. 

«^*ed to increase the viscosity of the drilling fluid. ^ 
there is e grr^in, belief that bentrW or *ay 
«— «ericus notations as a drUline flWbase 
of bentonibe-based fluids is such ^ ^ 
•wtoulic horsepower delivered to the bit at a given surface 

less then „ith dri^ 
««, certain poljroars. a. ^ viscos ^ 

content of these polymer suds result in a fester bit rjetration 
rate which in turn decreases th. 1 1 • penetration 
drilling «n aeCT eases the drilling costs. Therefore the 

drilling fluid eccomtng to the invention conteins at least one 
PcWic visoo^fier include, for e^le: oeUul^ 

as carboxyethy! cellulose, certo^tby! cellule 
" a^Z^^r^^ 1 '^Wcellu^s ' 

seeds. starOHS and various other polysaccharides, sue* as the 
heteropolysaccharide <±*»i„.* „ .... . ^ 
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kncwn * its registered trade name Shellflc-S. Hie concentration 
of the polymeric viscosif ier (3) is preferably in the range from 
1 to 50 g polymeric visoosifier per litre of drilling fluid. 

As mentioned hereinbefore the drilling fluid according to 
the invention contains at least one polymarlc fluid loss reducer. 
Suitable polymeric fluid loss reducers are (pregelatinized) 
starch, gums, polyanionic cellulosic polymer, sodiumpoly- 
acrylonitrile, sodiumcarbocvmethyl cellulose and sodiumpoly- 



acrylate. 



1 to 50 g 



polymeric fluid loss reducer per litre of drilling fluid. 

Advantageously in the drilling fluid according to the 
invention at least one encapsulating polymer is present in orde 
to improve the separation of fine drilled solids from the 
circulating drilling fluid during tha drilling operation with 
the aid of sieves, e.g. the so-called shale shakers. 

Preferably the encapsulating polymer content of the 
drilling fluid is in the range from 0.1 to 10 g/litre. Examples 
of suitable encapsulating polymers are hydrolyzed polyacrylamick 
polyanionic cellulose and heteropolysaccharide. 



A very much preferred encapsulating polymer to be added to 
the present drilling fluid is a heteropolysaccharide obtained 
from Pseudomonas sp. KdB 11592, known by its registered trade 
name Shellflo-s. 



The drilling fluid according to the invention _ _ 
basically a certain class of organic polycationic polymers. The 
polymers have a molecular weight between 5xl0 5 and 15xl0 6 . 

toy suitable methcdfof a^lica^can""^^ 
this disclosure. The essential feature is contact between the 
clay particles to be treated and the polyiner-cmtaining 
fluid. A preferred carder fluid is water or an agusous 
The mter can contain other ingredients which do not substan- 
tially interfere with dispersion or dissolution of the polymer 
in the media. The water carrier may be gelled or thickened for 

. Such ingredients or additives can include 



salts, mineral acids, low Secular weW oraan' ^ " b ^ ^ 

caUonic or nonicnic surfactants (arZt ^ ' 
used with & Tnii+t i , (anionic surfactants can be 

co^ ° r ^ts. The organic 

polycationic polymer should be present in the carrier^ • 
5 concentration within the r*™* w_ carrier fluid in a 

organic polycaZT ^ ^ 10 * 50 °° *» * of 

I*L or^ ^ ^ °° a9Ulant fl^cculant. 

P^^^^^^^^areg^au^ 

about 2-12& k„ m .^ . Prererred salt concentration is 

<j i2S by weight; however, concente*.,-™. 
can be used, as veil as fresh £^£2 Z ^ 

-M salt, airline earth metal salt T ^ 

nations .».-_ , . anTOOniura ^ or caribi- 



„ av , . ™ naiides, sulphates, 

oarbonates, oxides or cottbin«<-^o ' 
Potassium nations thereof. The halides of 

Potassium, sodium, magnesium, calcium, zinc and ^ 

additi.es such as irfo^, 
~y contains salts or acids which win shrink or prevent 

1 

When oil and gas wells are cased 
P—t. the casinu or to drUl^Ta ±Z *° 
M- «- casine *, o^ to ~ * ^ 

tin.. A hazard in this well eZL. ^ P™*^ 

often rushes W thelornation " 
can be coated as an open hoT^ L * ^ 

charges or bullets As a^Jl . Eerforating using shaped 
^ • , component in the completion fluid 

organic polycationic polymers have a purposeof or^Ln. 
damage to permeability should pressurTTl ^ ^ 
than ft™™*.. Pressure in the well be higher 

than fo^atron presage «« th. well fluids enter the ft£L. 
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The organic polycationic polymers present in the drilling 
fluid according to this invention can generally be considered 
quaternary polymers with nitrogen or phosphorous as the 
quaternary or cationic atom with an aliphatic, cycloaliphatic c 
aromatic chain. Trivalent or tertiary sulphur can substitute ft 
the quaternary nitrogen or phosphorous in the polymers. The 
cationic atom to carbon atom ratio is preferably about 1:2 to 
1*36 and the molecular weight is above about 1,000. Examples of 
these polycationic polymers include polyethyleneamines, poly- 
vinylpyridinium salts, or polyaUylammonium salts. 

Preferred organic polycationic polymers of this invention 
can be characterized and illustrated by the following formula 
and examples. 



? 



V 

n 



aliphatic, 



radical containing 2=40 carbon atoms or a hydrogen radical < 
«i*n ^ is cycloaliphatic 2 and 1^ can be in the ring,- 

Rj, and R 4 are organic radicals independently'defin* 
^ ccatalMng 0-6 carbon atoms and 0-2 oxygen or nitrogen ata 
when h is cyoloaliphatic it may or may not be in the organic 
polycationic polymer chain; when 
~ 2 is sulphur is not present? 

2 is a cation such as those derived from nitrogen, 
phosphorous or sulphur; 

X is an anion such as halide, nitrate, sulphate, bi- 
sulphate, carbonate, hydroxide, borates, oxides azides, cyam 
phosphates, etc.? 

n is an integer equal to the number of nmomer units in 
polymer required to give a molecular weight in the range of 
about SxlO 5 - 15xl0 5 ; 



10 



m is an mteger equal to the nunber of anions required to 
nmntain electronic neutrality. to 

Tbe organic or hydrocarbon radicals can be linear branch^ 

radicals, substituted radicals or aginations thereof a. 
organic radicals can be hcamliphatic or heteroaliphaUc i e 

^ — ^ - te ~ic or he^e ™ 
maim not contain other ato. such as a^ or ^ 
*-r the organic radicals can be substituted or uns^s^ 
a*yl, aryl or cations thereof with each radical ££T 
0-40 and preferably 0=6 carbon atons. ^ 
The above class of organic polycationic polymers can be 
^ into tte following preferred subclasses." 



15 




20 



25 



I 

R, 



V 



n 



wherein 

Rj is a divalent normal or branched chain alkyiene a™> 
cantainino 2-40 ra rK™, „*. ^^yxene Sroup 

fining 2 40 carbon atoms, preferable range 2-12 carbon 



i • 



*2 is contained with R. ; 

R3 is normal or branched .l*yi or hydrogen containing 0-6 
carbon atons and preferably 1-3 carbon atoms; 

R 4 is radical defined the same as R. h,n- <V ~ - 

be identical d M T but xt m °* may not 

te^txcal to R3, e.g., r^*^ ^ 1? 

sulphur R 4 as not present; 

2 is a cation such as those derived from nitrogen 
phosphorous, or sulphur; ' 
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X is an anion such as halide, nitrate, sulphate, hydroxide, 

etc; 

n is an integer equal to the number of ironcner units in the 
polymer required to give a molecular weight in the range of 
about 5x1 (T - 15x10; and 

m is an integer equal to the number of anions required to 
naintain electronic neutrality. 

One preferred group of this subclass is applied in a 
carrier fluid at a pa greater than about 4, especially in the 
range of about 5-9. In another preferred group when z is 
nitrogen, at least one of ^ and is not hydrogen, nethyl, 
ethyl or propyl. 

B. Hetemal Iphatic Poly cationic Polvngrs 



R, + 

r 

• 1 

R. 



n 



" ~*yl«a, alfcylene, arylalkylene, 



altenylerta 



. *t ojj^a it cental. 

or has appended one or nose hstaro atens or groups. Whan R. is 
aryl, or alkylaryl it can contain or have appended one orL« 
hetero atoms or groups. R, can ba norml-hetero-alkyl or it ca, 

hetero^toms or groups may be ethylenic KSKB-, acetylenic 
(-CSC-), aryl, or nitrogen phesphorous, or sulphur in regular 
covalent tending, partially oxidized, e.g., sulpbone, or in the 
onium state, other hetero ataos or groups may be oxygen 
hydKayl, carbonyl, or covalent halogen. With the exception of 
ethylenic, or aryl, a hetero atom or group is not bonded 
directly to Z. 



it " UraUbStltUted W or it can te J /"J ' 

itxs not reared to to to ^ h ^ ^ ^ * 

can hlCS *"* M "*» ataK ' or it 

i^n," 4 r te * a ™ d 38 "3 lt is «* "**»4 to be 
"fe-tica! to ^ «» Zls 3^ R< u ^ pc6sant _ 

I is a cation such as those derived ftom „itrog», 
phosphorous or sulphur 0 

X is an anion such as halide, nitrate, sulphate, hydroxide 
n is an integer equal to the number of monomer units in the 

the range of about 5x10 5 - 15xl0 6 . 

» is aninteger equal to the number of anions required to 
maintain electronic neutrality. ^ 

^8 polymer can branch through R, , p r_ ~ n 4 
manner that the main nolv^ ^ ^ ^ ^' *4 111 «** 
p R _ p ~? Chainisan arbitrary choice and 

V «2> V •* * 4 ™ ^traxy choices around any particular 

A typical branched polymer is shewn as follows: 

• ■ S ^ f 2 

— __JL_J^ X 

Sie anions are omitted for clarity. 



I 
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10 



15 



20 



25 



A 



l 4 



*3 



V 



n 



*1 13 unsaturated alkylene, substituted alxyl- 

ene, or substituted unsaturated alkylsne forming a heterocyclic 
ring including 2. The heterocyclic ring can be aliphatic 
olefinic or aromatic depsndijig on the degree of unsaturate* 
Substitutions can be alkyl, alkenyl, alkynyl, or aryl branches 
or substitutions can be hetero atoms or hetero groups contained 
in the ring, appended to the ring, or appended to the branches. 
Hetero atoms or groups can be phosphorous or sulphur (in 
regular ccvalent, onium or oxidized state, e.g. phosphate or 
sulphone), nitrogen, oxygen, hydroxyl, carbonyl, or covalent 
halogen, a restriction being that the hetero atom or group is 
not bonded directly to Z. 
i*2 ^ included in R,. 

Rj is a hydrogen radical or an organic radical containing 
1-6 carbon atoms and 0=2 oxygen or nitrogen atoms. In the case 
of certain aryl polycaticnic polymers, with monomer units bonded 
through Z and elsewhere en the aryl, ^ may be absent, 

_ %^-^^-ifc£-same_as^b^ 



sulphur 

Z is a cation such as those derived from nitrogen, phos- 
phorous or sulphur. 

X is an anion such as halide, nitrate, sulphate, hydroxide, 

n is an integer equal to the number of monomer units in the 
polymer required to give a polymer with a molecular weight in 
the range of about 5x10 - 15x10 . 



_ » is an integer equal to the number of anions refill " 
maintain electronic neutrality. 

Bonds containing nonoaer units may be through z, other hetero 
atoms, ^ a or 2 sites) , or branches on R J . 

Dependent Polycationic Pol 



R. — 



«3 



V 



n 



can be alkylene, aUcenylene, al^nyiene, arylene, and 
Images or branches of these in combinations R. can «n«- • 

the poij^ a,^ ^ ^ ^ 

or oovalent halogen, a restricts, betag thTthe 

tatoro at™ or grc*, to not te,^ to 2 _ ^ 

l^^ge can rang* frcm a single bond to branch of R. several 
atoms long connecting z to the polymr a^, 1 

V S, ana S< era be aefinsa Inoependently as altarl, 

aryl or emanations thereof or can be hytagen, a^oept 

ttayonuxe ^ are not in «. po^ onaJZ? 
«* »**n. , „ a heterocvcUc ring and/or ^han , 
R3 or R 4 may not exist. F 

~T " ? "~ *~ ^twn.such as those toved frm- nitrogen, phos- 

ptorus , or sulphur. In one preferred class not more than t*o of 
^three R groups can be hydrogen. te another preferred class 
wher ^ is aryl and contains nitrogen, the.aryl ring has at 
least one substituent or contains one other hetero atom or 



'» 
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hydroxide. 



n is an integer equal to the number of monomer units in the 
polymer required to give a polymer with a molecular weight in 
the range of about 5x1 0 5 - 6xl0 6 . 

m is an integer equal to the number of anions required to 
maintain electronic neutrality. 

The following are exanples of the preferred polycationic 
polymer classes having repeating polymer units such as those 
illustrated below. 

(1) where 2 is sulphur, a sulphonium polymer 




and cos example is derived from the monomer 

^OCBDO^CH^^)^, poly-2-acryloxyethyldiffisthyl. 
sulfcniumchloride,. R^-acryloxyethyl, R^ethyi, » » 
nteChyl, R^=non-existent, and j^chloride. 

She above formula and R groups show a polymer wherein the R 

groups are not hydrogen. 

**ara 2 is phosphorous, a phosphonium polymer 



(2) 



and an example monomer is 



U I / 04 | 



A 

H 2 C CH 



-CH 2 P(C 4 H 9 ) 3 C1, 



glyei dyl tribaty lpno^ptarti, _ iUC . 

I^katyl, R^utyl, and x Is chloride- 

(3) where Z is nitrogen, quaternary 
(3a) integral al*yl quaternary, m 




a^-ca 



K 

I 

CH 



3 -J 



n 



polydimethylethylez^an^^o^, 



CI 

CH_ 

N-CH2- 



f 3 

.1+ 



CI' 



LCH. 



C2I 2~ N - a^CHj- CfL—CH-" 



n 



the condensation product of M w w» mi 4.^ 

. „ M , ^ CT ot W ' W ' N ' N -tetranethyiethylene- 
^ Lamme and l,4^chlorobutane. y 

exa^ies_j3hctoipc^ 



hydrogen 

<-h« o^^j " *" *" ^ POiiroer chain and in- 

oi tne R groups are the same and two of the r 

fere** . ^ groups are dif- 
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(3b) Integral quaternary in cyclic ring, exanple polymer: 
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ci 




ths condensation product of 4-chlorcpyridirce; 
(3c) Integral aUqrl, aryl quaternary, example polymer: 



CI 




the 



condensation product of 1- (4-pyridyl) =3^hloroprcpaiie f » 
exanple polymers 



CI 



N 



/ 
\ 



X 

J 



N— CH_— 
2 



CI 



n 



the condensation product of pyrazine and 1 Ethylene 
dichl cri ctej 



The above examples show polymers with one or more cationic Z 
groups in the polymer chain and in an aromatic radical which is 
also in ths polymer chain with two different R radicals which 
are also in the polymer chain. Thus, the examples show hetero- 
cyclic aromatic and linear R groups which are in the polymer 
chain. 



(3d) Pendent alkyl quaternary, example polyraar: 



U I '04 



C%- CH 

2 u 



CH 3 OS0 3 = 



CH. 



_ n 



FolyvinyltrlitiethylammitM nethylsulphate 
. ^ f^ 16 shows a with a pendent cationic 2 

^^ C ^_ 3 ^ Pe^^ent R groins which are the same but different 
R^xmi^ 16 ^ Iaa ^ the P°lyoier chain; thus, Z and three of the 

grDU P s are not iji the polyrrer chain. 
(3e> Pendent quaternary on cyclic backbone, exanple polymer: 




The above exanple 
radicals in the polymer 
three R groups which 
the polymer chain. 
(3f) Pendent 



a polymer with aromatic and heterc- 
chain, a pendent caticnic Z radical and 
aliphatic and not hydrogen or not in 



quaternary on carbocyclic ring, example polymer: 



CH 




CH. 



I ' CI' 
H-C-N-OL 

I 3 
CH, 



n 
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(3g> Pendent quaternary nitrogen on polymathacrylate backbone, 
pie polymer: 



|3 



CH-- 



I 

C 
I 



CI 



CH 
J 

OH 



CH. 
I 



CH-- CH - CH-— N-CH 

2 i 

&2 



n 



poly < 3 ^thacrylQ X ^2-hydro^^ 
chloride) , 

The above esranple shows different R groups with one in the 
polymer chain and three aliphatic R groups with one containing 
2 group and habere atoms which are not in the- 

Another example polymer: 



CHj—CH 



I 

H — N- CHj— 



jr ci 



CH3 CH 3 CH3 



n 



poly ^lamide>>prcpyltrteethylamt^ 
^-^les^apoi^witn^^^^ 
options which are not in the polymer chain, aliphatic R groups 

with one in the polymer chain, and a pendent arcToL? 
heterrv »+™~ js Fenoent group containing 

netero atoms and more than one 2 group. 
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Quaternary nitrogen in pendent heterocycl; 
polymers: 



r 



_ i 



CH 



3 — I 



n 



poly-4-virtyl-N^thylpyridiniumicdide; 
The above formula shows a polymer with a pendent hetero arcnatic 
radical which is also a caticnic radical and they are not in the 
organic polycationic polymer chain. 

(3i) Heterocyclic ring containing quaternary nitrogen, example 
polymers: 



CH_ 



H 3 C 



CH. 



n 



2 i 



CH-CH--=r 
I 2 



X lT CI 



\ 



CH. 



polymer of diaUyloinBthylannmivntMoride. 
The above formulae show a pendent Z cation and pendent aliphatic 
R groups with at least two of the R groups having the same 
number of carbon atoms and with two R groups having the same 
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number of carbon atoms and being linear aliphatic radicals in 
the polymer chain. The formulae also show heterocyclic aliphatic 
groups in the polymer chain which also have pendent portions. 

The above classes and subclasses of polycationic polymers 
can be substantially linear or branched. Examples (3a) , (3b) and 
(3c) can be considered substantially linear polymers. Examples 
(1) , (2) , (3d) , (3e) , (3f ) , (3g) , (3h) and (3i) can be considered 
branched. These examples show branching through at least one 
ganic radical such as exanples (1), (2), (3d), (3e), (3f), 
(3g) , (3h) and (3i) and through a cation radical such as example 
(3a) . Also examples (3d), (3e), (3f), (3g), (3h) and (3i> can be 
considered to have branching through pendent cation radicals ™- 



- drilling fluid according 
completion fluid or worker 
i following example serves 



ments of the invention and enable one skilled in the art to 
practice this invention. 



A ntBBber of f locculants were tested in various concen- 
trations, in solutions of viscosifiers and fluid-loss reducers, 

tests w 3 " 2 carried out in measuring cyclinders, 



- occurrence of f locculation and type of floe 

- settling of the floes 

- turbidity of the supernatant. 

of aocculants. The best performing flocculants were used f™- 



testing, 



by hot roiling or peddle stirring for two hottw. subse- 
quently the floes were sieved off and dried, and the recovery 
detain ed. Tests were done in solutions of single additives and 
mixed solutions of viscosifiers and fluid-loss reducers. 
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The effect of f locculant and shale fines concentration was 
extensively evaluated in Shellflc-S solutions (Shellflc-S is a 
regxstered trade nark). A number of tests was carried out to 
compare toe effect of flocculants in fresh water and KC1, NaCl 
and CaCl 2 solutions, containing Shellflo-S „ 

The combined effect of encapsulating and flocculating 

polymers was investigated in suspensions of shale fines and 
cuttings. 

in all tests dispersed, flocculated nr 



was removed from the suspension over either 150 or 180 „m sieves 
and the fraction retained on the sieves was determined. 

in the flocculant depletion tests, the thus obtained 
filtrate was again used as flocculating mud. 

B« shale used in all tests, either as fines or cuttings, 
isPierre shale, an outcrop material from Utah (U.S.A.) . Table 1 
shows the composition of this shale. Table 2 summarises all 
flocculants used with suppliers and, if known , a description of 
tnexr chemical nature. 

m Table 3, a summary is given of all mud additives used, 
aga« also mentioning suppliers and enseal oppositions. 

Table 4 shows the results of tests on the coaoatibilifcv of 




wten nm additives-. Incompatibility 

(P^cipitation) with some of the mud additives is considered to 
be too risky for a chemical to be incorporated in drilling 
fluids that will be used on a routine basis. 

5 ** rBSUltS ° f measurin 5 cylinder f locculation 

tests. It shows which mud additive/flccculant combinations are 
able to flocculate a Pierre shale suspension and which are not. 

^ anionic nocculant SS-100 (hydrolysed 

shows a poor 




Fran Table 5 can be concluded that the cationic XZ-86243 
performs very well. 

Table 6 shows the recovery of Pierre shale fines over 100 
«ash sieves. The main conclusion from these results is that a 
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significant improvement in solids removal can be attained by 
addition of a cationic high molecular weight flocculant. 

Table 7 shows the results of flocculation tests in various 
fluids. Since it was known in this stage that anionic polymers 
perform poorly, they were excluded from this test series. More 
cationic polymers were included instead. 

The presence of salts alone, did not cause flocculation. 
Th& main conclusions are? 

- The la* <K5f<50,000) and medium (50,000<WW<500,000) molecular 
yelgifc flocculants (C 581, p.p.c.) show a £gor performance 
in all solutions. High molecular weig h* (SxlO^^lSxlO 6 ) 

is clearly required for effective solids removal 
iXflpotcwsitento 

- The naloo flocculants 4625, 4725 and 4780, although used in 
combination with an activator are ineffective in fresh 
water but perform well to excellent in brines. 

- For use in drilling operations XZ-86243 is preferred for 
£^*ater systems; Naloo 4625 and 4780 (and perhaps 
others from this product series) for brines and C-420 for 
both . — 

Table 8 shows the effect of the flocculant concentration on 
solids removal for C-420, XZ-86243 and Naloo 4625. C-420 is 
effective, in the whole range from 10 to 1000 ppm wt; XZ-86243 
shows increasing performance with increasing concentration. The 
water content of the retained fines clearly increases with 
flocculant concentration for the two effective products This 
- tofi ° tnBj ^^ 

Variation of the fines content from 0.1 to 5.0% w/v had no' 
effect on recoveries. Addition of 500 ppm c-420 and XZ-86243 to 
Shellflo-S/Pierre shale suspensions always resulted in a 
recovery between 90 and 1005. 

m most tests viscosities of solutions with and without 
f^culant were measured and . also the viscosity of the filtrate, 
addition of up to 500 ppm flocculant always caused a slight 
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change in rheology, but never wore than approximately 1 5% The 
viscosity of the filtrates was generally lower than that of the 
initial mud, but always within a range of approximately 10% 
Taking the high solids load and normal adsorption of polyneric 
mud additives into account, this value is according to expec- 
tation. " 

Table 9 shows the results of canbined application of 
cutting encapsulates and flocculants on fines and cutting 
recovery. Clearly no antagonistic effect occurs between the two 
Again XZ-86243 shows to be a very effective flocculant and ' 
Shellflo-S and SS-100 excellent cutting inhibitors. 

Table 10 shows the results of the triaxial shale tests c f 
Darley, H.C.H., "A laboratory Investigation of Borehole 
Stability" J. Pat. Tech., July 1969, 883-893 AIMS, 246. The 
cationic flocculant XZ-86243 is clearly shown to be inert as far 
as borehole stability is concerned. 



TABLE 1 - 



tarn of Pierre sHaI^ 



fraction < 2 ura: 53.6% (» clay content) 
Composition of the clay fraction 



noitroorillonite 
mixed layers 
illite 
chlorite 
kaolinite 



40% w/w 
0 " 

50 * 
5 *" 

rr m 
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TftBLE 3 - Description of mud additives 



Mud additive 


Description 


Flocgel 


starch 


Stabilose 


slightly carbcxylated starch 


CMC 


carbaxy methyl cellulose 


HBC 


hydroxy ethyl cellulose 


Drispac 


polyanianic cellulose 


Shellflo-S 


polysaccharide (succinoglycan) 



'P mE 4 - Results of mud additivea/flocculant roncatibilil 



Mud additive 
Stabilose (10) 

HECT (4) 
CMZ-HV (10) 
Shellflo-S (1) 
SS-100 (2) 
Drispac (10) 



flooculant/ooagulant 



SS-100 

+ 
+ 
+ 
+ 

+ 



+ 
+ 
+ 
+ 
+ 



XZ-86243 

+ 
+ 
+ 
+ 
+ 



brackets: mud additive concentration in g/litre 



flocculants were tested in 10, 100 and 1000 ppn wt 
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TABLE 5 - 



Flocculating efficiency of various f locculants -in 
mud additive solutions treasuring cylinder teste! 



+ = 
- = not 




in g/ litre 



TABLE 6 - 



of Pierre shale fines by reans of flocculants 





RECOVERY (%) OVER 100 rtesh SIEVE 


Mud additive 


Ho f looculant 


XZ-86243 

• 

500 ppn wt 


Stabilose (1) 
Flocgel (1) 
OE-HV {1) 
OC-LV (1) 
tirispae (0.5) 
Enorflo-S (0.1) 
HBC (0.4) 


36 
26 
27 
26 
46 
41 
88 


78 

65 
99 
97 
98 
96 
93 


Stabilose (1)1 
OC-HV (1) J** 


38 


83 



★* 



brackets: concentration in % w/w, 
concentration = 100 ppm wt 
fines concentration 40 g/1 
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mffiElO - The effect of the cationic flocculant XZ-86243 

an borehole stability in a reconstituted Pierre 



shale san 


pie 








Additive 


Erosion 


Failure tire 

■ 


1 " — — [ 

Failure type 




(%) 


(min) 






17 


599 


collapse 


XZ-86243 (0.2%) 


19 


705 




XZ-86243 (0.2%) + 








HC1 (10%) 


5 

l 


no failure 


no failure 



confining pressures 225 bar* 

base mud: 10 g/1 OC-LV (low-viscosity carbaxymethylcellulose) + 
10 g/1 ac-HV (high-viscosity carbcKymsthylcellulose) 
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CLAIMS 



10 



15 



20 



25 



A drilling fluid corprisings 
at least one polymeric visoosif ier 
at least one polymeric fluid loss reducer 
at least one high molecular weight organic polycationic 
polymeric coagulant and/or f locculant. 
A drilling fluid as claimed in claim 1 in which from 1 i 
50 g polymeric viscosifier is present per litre of drilling 



1. 
a) 

b) 

c) 

2. 



3. A drilling fluid as claimed in any one of the preceding 
claims in which from 1 to 50 g polymeric fluid loss reducer is 
present par litre drilling fluid. 

4. A drilling fluid as claims! in any oae. of the preceding 
claims in which from 10 to 5000 ppm wt of high nolecular weight 
organic polycationic polymsric coagulant and/or flocculant is 



5. A drilling fluid as claimed in any one of the preceding 
claims in which at least one encapsulating polymer is present. 

6. A drilling fluid as claimed in claim 5, in which from 0.1 
to 10 g encapsulating polymer is present per litre of drilling 
fluid. 

7. A drilling fluid as claimed in claim 1, substantially as 
described hereinbefore with special reference to the Example. 

fiarar ^ n 3Sg7'oaqaIe^^ 



in an tinderground rormation in which process a drilling fluid as 
claiffied in any one or more of the preceding claims is 
circulated. 



•MS 



I04/MF 



